Objective: To show that patients with unilateral hearing loss (UHL), with one ear fulfilling cochlear implant (CI) indication criteria, and an additional severe tinnitus handicap can be treated effectively with a CI. Method: A prospective multicentre study was conducted in five Spanish centres. Sixteen adult patients with UHL and a mean Tinnitus Handicap Inventory (THI) score of at least 58 were implanted. The study design included repeated within-subject measures of quality of life (Health Utility Index Mark 3 [HUI3]), tinnitus (THI, Visual Analogue Scale [VAS] on tinnitus loudness), hearing (Speech, Spatial, and Qualities of Hearing Scale-[SSQ]), and hyperacusis (Test de Hipersensibilidad al Sonido [THS]) up to 12 months after the initial CI fitting. Results: Group data showed significant subjective benefit from CI treatment: the preoperative HUI3 total utility score of 0.45 went up to 0.57 at 6 months and 0.63 at 12 months; the preoperative THI total score of 75 decreased to 40 at 6 months and 35 at 12 months. The preoperative tinnitus loudness VAS score of 8.2 decreased to 2.4 at 6 months and 2.2 at 12 months with the implant "On" and to 6.7 at 6 months and 6.5 at 12 months with the implant "Off." The preoperative THS total score of 26 decreased to 17 at 12 months. The preoperative SSQ total score of 4.2 increased to 5.1 at 6 months and 6.3 at 12 months. No unanticipated adverse events were reported during the study period. At 12 months after CI activation all subjects (except 1 subject who used the device 6 days a week) wore their devices all day and every day. The primary reason for CI use was split evenly between tinnitus suppression (n = 6) and both hearing and tinnitus (n = 6). Conclusion: A CI should be considered as a treatment option in patients with UHL and a concomitant severe tinnitus handicap. However, appropriate counselling of candidates on the anticipated risks, benefits, and limitations that are inherent to cochlear implantation is imperative.
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Introduction
Prolonged spontaneous tinnitus of some degree is experienced by up to 20% of the adult population with exact estimates varying according to the tinnitus definition used [Gopinath et al., 2010; Shargorodsky et al., 2010; Martinez et al., 2015] . Its prevalence is highest among older adults and those with hearing impairment and, in most cases, it is reported as being only mildly annoying [Shargorodsky et al., 2010] . However, for some people their tinnitus is persistent, debilitating, and has a negative impact on their quality of life and speech comprehension, even when present in only one ear [Van de Heyning et al., 2008; Fuiji et al., 2011; Vielsmeier et al., 2016; Weidt et al., 2016] . Tinnitus treatment and assessment is complex with no commonly agreed management pathway and presents an ever-increasing burden on health care services [Martinez et al., 2015; Fuller et al., 2017] .
Subjects with tinnitus report poor speech perception, difficulty falling asleep, an inability to concentrate, insecurity, and depression [Tyler and Baker, 1983] . The occurrence of debilitating tinnitus is believed to be associated not only with the dysfunction of the auditory system but with the psychological status and resilience of the sufferer [Dauman and Tyler, 1992; Wallhäusser-Franke et al., 2014; Brüggemann et al., 2016] . Currently, recommended tinnitus treatments focus on improving a patient's ability to ignore and accept the erroneous noise [Tyler et al., 2007] . Techniques such as cognitive behavioural therapy help to alter the noxious response to tinnitus [Cima et al., 2014] . Where patients have a hearing loss, hearing aid fitting is recommended, or if the hearing loss is severe to profound, a cochlear implant (CI) is indicated [Fuller et al., 2017; Zenner et al., 2017] . The prevalence of tinnitus in patients with severe to profound bilateral hearing loss being considered for cochlear implantation is high. Studies report that around 40-50%, or even in excess of 80%, of CI candidates have tinnitus pre-implantation [Quaranta, 2004; Baguley and Atlas, 2007; Kompis et al., 2012; Pierzycki et al., 2016; Mikkelsen, 2017] . After receiving a CI, many patients report that as well as restoring hearing their tinnitus is also reduced, and many studies show significant reductions in tinnitus severity with implant use [Pan et al., 2009; Amoodi et al., 2011; Ramakers et al., 2015; Pierzycki et al., 2016; Bruggeman et al., 2017; Knopke et al., 2017; Zenner et al., 2017] . Initially, it was assumed that this reduction was a consequence of the attention shifting away from the tinnitus towards the environment sounds picked up and transmitted by the CI system, but recent research has indicated that the tinnitus may be supressed by the intracochlear stimulation, independent of the acoustic input picked up by the sound processor [Arts et al., 2016] .
The use of a CI primarily to supress tinnitus has been considered for those patients who have incapacitating tinnitus and a unilateral hearing loss (UHL) and thus would not normally meet the standard criteria for CI. Studies have shown that in this group, the CI has successfully been used to treat the tinnitus symptoms with the benefits lasting long term [Punte et al., 2011; Mertens et al., 2016; Holder et al., 2017] . Uniquely, the CI is also able to restore true binaural input for these patients, not something other unilateral solutions such as bone conduction (Baha) or contralateral routing (CROS) could achieve, providing them with the advantages of binaural hearing for listening in noise and sound localisation [Hoth et al., 2016; Arndt et al., 2017; Dillon et al., 2017; Mertens et al., 2017; Skarzynski et al., 2017] . However, despite the efficacy of providing a CI to patients with UHL and incapacitating tinnitus, funding is not always available. There is a paucity of high-level evidence with many studies reporting on small numbers of patients from single centres. Few studies report generic quality of life measures, an essential requirement in many countries in order to make the case for reimbursement Cabral et al., 2016; Kitterick et al., 2016] . Where quality of life measures have been reported, disease specific measures showed a significant increase, but not in the generic measures [Knopke et al., 2017; Sladen et al., 2017] . However, a very high percentage of patients report wearing their device all day 7 days a week, an important indicator that sufficient benefit is being gained [Friedman et al., 2016; Mertens et al., 2016; Skarzynski et al., 2017] .
A link between tinnitus and hyperacusis was noted in a publication by Tyler and Conrad-Armes [1983] , and around 40% of patients with tinnitus also suffer from hyperacusis [Baguley, 2003] . Accumulating evidence suggests that both tinnitus and hyperacusis might share a common cause and be due, in part, to excessive gain increases in the central auditory pathway Salvi et al., 2017] . Despite this link between the two conditions, there is little evidence reporting the prevalence of hyperacusis in the implanted population or the impact of a CI.
In this study, the results are reported for a group of patients with a unilateral or asymmetric hearing loss, where one ear fulfils the clinic's standard CI criteria, and an additional severe tinnitus handicap. Unlike other single-centre published studies, patients were recruited from DOI: 10.1159/000488755 five different Spanish centres, and the focus was on collecting subjective questionnaire data to support reimbursement. The primary outcome measure was active use of the CI. Changes in quality of life were measured using the Health Utilities Mark 3 (HUI3) generic quality of life questionnaire. As well as changes in hearing ability and tinnitus severity, changes in hyperacusis were also assessed. Preliminary results from this study were reported in Ramos Macías et al. [2015] , and this paper reports results from the full data set at 12 months after implantation.
The primary objective of this study was to show that patients with UHL, with one ear fulfilling CI indication criteria, and an additional severe tinnitus handicap can be treated effectively with a CI. Treatment was considered to be effective when 12 months after CI activation ≥90% of the patients regularly used their CI and the group average Tinnitus Handicap Inventory (THI) score showed a statistically significant decrease compared to preoperative scores.
Method
The study was conducted according to international standards (ISO 14155: 2011) . Local ethics committee and National Competent Authority approvals were obtained before the start of the study. Patients were informed by the investigators on the risks and benefits of participating in this study and consented before study enrolment.
Subjects
Sixteen adult subjects were recruited from multiple test sites. Hearing criteria for inclusion were a hearing loss of less than 15 years' duration in the ear to be implanted, normal hearing or moderate hearing loss (pure tone average ≤55 dB HL) in the contralateral ear, and speech perception of less than 50% on a disyllabic speech test score, in quiet at 65 dB SPL, in the best aided condition and without lip reading. In addition, subjects were required to have tinnitus caused by or related to the hearing loss, lasting for less than 3 years and with a handicap score greater than 58, as measured by the THI [Herráiz et al., 2001; McCombe et al., 2001; Newman et al., 1998 ]. All subjects tried conventional tinnitus treatments including tinnitus retraining therapy for at least 6 months, without a satisfactory result. Exclusion criteria in the ear to be implanted included any cochlear anomaly that might prevent complete insertion of the electrode array and hearing loss related to meningitis, multiple sclerosis, posterior fossa tumours, and of central or retrocochlear origin. Subjects were also excluded if their tinnitus was central in origin (e.g., tumour or cerebrovascular attack), pulsatile, paroxysmal, somato-sensory (e.g., patients report that their tinnitus that can be influenced by jaw or head/neck movements), related to vertigo, headache, or posttraumatic. Subjects with mental health disorders such as complex regional pain syndrome, suicidal thoughts, major depression, or personality disorders (as verified by a psychologist or psychiatrist), or with any additional handicap that would prevent participation in evaluations, were also excluded. In addition, patients were excluded with unrealistic expectations regarding the possible benefits, risks, and limitations that are inherent to cochlear implantation. Table 1 presents the demographics of the study population and details of their hearing loss, tinnitus, and implant type. Mean THI score was 75 (range: 58-100). The preoperative pure tone averages of 500, 1,000, and 2,000 Hz of the implanted ear ranged from 72 to 120 dB HL (average: 101 dB, standard deviation [SD]: 15 dB) and of the contralateral ear ranged from 5 to 55 dB HL in the contralateral ear (average: 21 dB, SD: 16 dB). The preoperative unaided audiograms are reported in Figure 1 . Patient P23, P24, and P33 indicated that they were using a hearing aid in their contralateral ear on a daily basis. In P25, a cochlear ossification was noted during surgery and not all electrodes were inserted into the cochlea.
Procedures
All subjects attended a preoperative screening and recruitment visit, where baseline measures were made using a battery of questionnaires, and subjects then returned for implant surgery. As part of the CI system, all patients received the CP810 sound processor with a remote assistant. They were fitted with the ACE sound coding strategy using the Custom Sound fitting software and the default parameters used in routine clinical practice. Follow-up assessments were conducted at activation and at 1, 6, and 12 months after switch-on.
Tinnitus burden was assessed with the Spanish version of the THI [Newman et al., 1998; Herráiz et al., 2001; McCombe et al., 2001] with the following handicap categories for the THI score: no handicap: 0-16 (grade 1), mild handicap: 18-36 (grade 2), moderate handicap: 38-56 (grade 3), and severe handicap: 58-100 (grade 4). The magnitude of the tinnitus loudness/annoyance was assessed with a Visual Analogue Scale (VAS) ranging from 0 to 10 [Miller and Ferris, 1993] , with 0 indicating "no tinnitus" and 10 indicating "unbearable tinnitus." In addition, a customised tinnitus questionnaire based on the tinnitus archive [Meikle 1997 ] was created to fully assess tinnitus characteristics, history, and accompanying symptoms for the study participants. Hyperacusis was assessed with the Sound Hypersensitivity Questionnaire (SHQ), known in Spain as the Test de Hipersensibilidad al Sonido (THS) [Herráiz et al., 2006] , which was based on the German "Geräus-chüberempfindlichkeit" questionnaire [Nelting et al., 2002] . The THS handicap categories are as follows: mild: 1-10 (grade I), moderate: 11-17 (grade II), severe: 18-25 (grade III), and very severe: 26-45 (grade IV). Quality of life was assessed with the HUI3 (http://www.healthutilities.com/) and quality of hearing ability was assessed with the Speech, Spatial, and Qualities of Hearing Scale (SSQ) [Gatehouse and Noble, 2004] .
Subjects had to fill in a paper version of the questionnaires before they came to each study visit and clinicians checked each questionnaire to ensure they were fully completed.
Statistical Analysis
Pre-and postoperative questionnaire results were compared using both parametric and non-parametric statistics. The distribution of the outcome values across the various visits along with the difference compared to baseline was examined using Q-Q plots and further evaluated using Shapiro-Wilk tests for normal distribution. Both the non-parametric Wilcoxon signed-rank test (2-sided) and paired t tests were used to examine differences from baseline to month 12 for the various outcome variables (i.e., THI, THS, and SSQ scores including the subscales). Parametric and non-parametric tests yield consistent findings and the t test results are reported. No adjustment of the type I error for multiple testing 8,000 4,000 3,000 2,000 1,000 500
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Results

Tinnitus
Patients reported their tinnitus to be located in or around their profoundly deaf ear and this did not change over the study period of 12 months. Patients described their tinnitus sounds over time based on pre-defined descriptions, with an opportunity to add unlisted sounds. The tinnitus sounds heard most were hissing, buzzing, and transformer noise. Tonal tinnitus was rare. Reports on the types of sounds and the loudness of sounds tended to be stable over time and variations in pitch/loudness were reported to be related to implantation, stress, fatigue, noise exposure, or shift from day to night.
Information on previous tinnitus therapies was available in 14 subjects. Masking was tried in 2 patients (it was ineffective in one and in the other no further data on effectiveness were available. Counselling was provided in 4 patients but offered no relief. In four patients, tinnitus retraining therapy was provided in 4 patients (it provided relief from tinnitus in 1 patient and was ineffective in 3 patients). Acupuncture was tried in 3 patients (in 2 patients it did not provide relief and in 1 patient no further data were available). One patient tried "autocontrol," an unspecified self-control technique, for tinnitus relief. Nine patients tried several drugs to find relief from tinnitus (in 6 patients this did not provide relief and in 2 patients there were no further data on their effectiveness).
At 12 months after surgery, 14 out of 16 subjects continued to wear their CI every day. One subject wore their device 6 days a week and for 1 subject only 6-month data were available. The average number of hours of daily use was 12 h at 1 and 6 months and 11 h at 12 months (range: 6-16 h). Eight subjects indicated that the primary reason for implant use was tinnitus suppression and 8 subjects indicated that it was for better hearing and tinnitus suppression (Table 2) .
Residual inhibition was measured after presentation of a 1-min electrical or acoustical stimulus at the planned study visit. For these measurements the electrical stimulus was identified by matching stimulation on five sequential electrodes to the dominant tinnitus pitch and then identifying the minimal masking level (MML), i.e., the lowest level at which tinnitus was fully masked. The acoustic stimulus was identified by matching a narrow band noise to the tinnitus pitch, identifying the MML, and then setting the stimulus to MML +10 dB. The dataset was not complete; electrically a total of 31 observations were logged in 11 patients and acoustically a total of 57 observations were logged in 16 patients. The median, dominant, pitch-matched electrode in the centre of the five sequential electrodes was EL13 (range: EL5 to EL22). The electrical MML ranged between 2 and 77 currentlevel units above the electrical hearing threshold level. The median, dominant acoustic centre frequency for the narrow noise band was 1,500 Hz (range: 125 Hz to 8 kHz). The acoustic MML ranged from 0-to 85 dB HL and could not always be measured due to hyperacusis. Residual inhibition varied from 0 s to more than 5 min and was generally short lasting with a median of 30-60 s for the electrical stimulation and a median of 10-30 s for the acoustic stimulation. It did not show a general trend towards change over the study time period of 12 months.
At 12 months after activation, THI scores decreased by 2 grades from catastrophic/severe to moderate/mild and the decrease in scores was statistically significantly compared to preoperative values in all domains (total: t = -5.79, p < 0.0001; functional: t = -4.19, p = 0.0002; emotional: t = -6.95 p < 0.0001; catastrophic: t = -4.92, p = 0.0002) (Fig. 2) . After an initial improvement at activation and at 1 month, the scores plateaued. In addition to the THI questionnaire, patients were asked to complete a VAS on tinnitus loudness preoperatively, at activation, and at 1, 6, and 12 months with the implant "On" and "Off" (Fig. 3) . At 12 months after activation, scores decreased significantly compared to preoperative values after cochlear implantation by 5-6 points with the CI activated (CI On) (t = -0.82, p < 0.0001) and by 1-2 points when the CI was inactive (CI Off) (t = -2.3, p < 0.05).
Hearing
At 12 months after activation, the THS total score and the score on the cognitive reactions, actional/somatic behaviour, and emotional reaction to external noises subscales were all significantly lower than the preoperative scores (Fig. 4) (total: t = -3.61, p = 0.0026; behaviour: t = -3.06, p = 0.008; cognitive: t = -4.21, p = < 0.001; emotional: t = -2.38, p = 0.031). Clinically, ratings dropped from very severe to moderate. Preoperative scores were high, indicating substantial interference of tinnitus/hyperacusis with hearing.
In the SSQ, total and subdomain scores significantly improved compared to preoperative scores at 12 months after CI activation (total: t = 6.77, p < 0.0001; speech: t = 6.65, p < 0.0001; spatial: t = 4.65, p < 0.001; qualities: t = 6.1, p < 0.0001) and the speech subdomain score also showed a significant improvement 6 months after CI activation (t = 3.13, p < 0.01) (Fig. 5) .
Quality of Life
The HUI3 total utility score significant improved 12 months after activation from 0.45 to 0.63, a gain of 0.18 (t = 2.63, p < 0.01). Both the hearing domain (t = 2.49, p = 0.03) and the emotion domain (t = 2.13, p = 0.05) showed a significant improvement 12 months after activation. There were no significant differences at 6 months after activation (Fig. 6 ).
Discussion
The study met its primary aims with over 90% of subjects wearing their device 6-7 days a week at 12 months after activation. Half of the subjects indicated that their main reason for using the CI was for tinnitus suppression and the other half for both hearing and tinnitus suppression. This is consistent with Mertens et al. [2016] , who reported tinnitus suppression as the primary benefit in 83% of the patients with single-sided deafness. This primary benefit shifted to improved hearing, when the hear- ing loss in the acoustic hearing ear became worse and patients were considered to have asymmetric hearing loss.
Other studies have also shown high levels of long-term CI use in this UHL population, and this is a good indicator that sufficient benefit is being provided [Friedmann et al., 2016; Mertens et al 2016; Skarzynski et al., 2017] . The results also compare very favourably with the non-use rates of 13-14% reported for alternative treatment options such as bone-anchored hearing aids [Mertens et al., 2017] . This is an important finding as when the cost-effectiveness of a treatment is evaluated non-use can have a large negative impact on the final calculation. The impact of cochlear implantation on tinnitus reduction is well established [Amoodi et al., 2011; Bruggeman et al., 2017; Knopke et al., 2017; Pan et al., 2009; Pierzycki et al., 2016; Ramakers et al., 2015; Zenner et al., 2017] . The results reported here also show both a statistically and clinically significant reduction in tinnitus loudness and handicap. The subjects recruited had a high level of tinnitus handicap before implantation, categorised as catastrophic to severe, and this was reduced to mild after implantation. Most of this reduction occurred in the first month following implantation and THI scores then plateaued. The THI has been used in two other studies of subjects with UHL, and although the initial tinnitus handicap levels of the samples before implantation were lower than in this study at moderate to severe, the final recorded postoperative scores were also categorised as mild [Arts et al., 2016; Holder et al., 2017] . Tinnitus loudness was high in this sample before implantation (loudness VAS: 8/10) and continued to be significantly reduced at 12 months after activation (loudness VAS: 2/10). Long-term studies reporting results up to 10 years after activation also show continued reduction of tinnitus loudness to very low levels and 100% continued device use [Mertens et al., 2016] . A significant long-term reduction in tinnitus loudness scores was also observed with the implant off, although the effect was much smaller than with the implant on. The same effect was observed by Mertens et al. [2016] in 2 subjects and may be a placebo effect whereby the psychological status of the sufferer is improved, either by better hearing or access to a new and expensive treatment, and thus tinnitus is reduced [Brüggemann et al., 2016] . An alternative hypothesis is that routine daily use of the implant leads to residual tinnitus inhibition with prolonged time constants. In some patients this residual inhibition could last overnight (i.e., the switch-off period) and occasionally provides full tinnitus inhibition during day and night as reported regularly in studies with conventional CI candidates with less burdensome tinnitus [Baguley and Atlas, 2007] .
In the study by Mertens et al. [2016] , residual inhibition of tinnitus after switching off the CI was generally less than 10 min, even after several years of use [Mertens et al., 2016] . In the current study, residual inhibition was short lasting with a median of less than 1 min. These results suggest that long-term CI use is not able to reverse the maladapted tinnitus brain [Moller, 2000; Eggermont, 2007; Knipper et al., 2013] . The active implant provides meaningful input which helps the patients to reduce their ever-present tinnitus percept, which is in line with the observation that it was a complex clinical operation to identify a reliable and stable MML in this study. Furthermore, CI users reported that they still heard their tinnitus for about 50% of the time during the day, even with the CI active.
Overall, there was a significant subjective benefit to hearing and localisation as measured by the SSQ questionnaire. Half the subjects reported using the device for both hearing and tinnitus, and SSQ scores were highly statistically significant for all subdomains, including qualities of hearing. The contribution to improved binaural hearing that the implant provides is also reflected in the significant improvement in scores for the hearing domain of the HUI3.
A unique aspect of this study was the inclusion of the THS hyperacusis measure. Gathering this data is especially relevant when the need for treatment is even greater in patients with tinnitus and hyperacusis. Schecklmann et al. [2014] showed that the ability to ignore tinnitus was subjectively decreased in hyperacusis patients, and they suffered from increased depression and decreased quality of life compared to those with tinnitus alone.
The Hyperacusis Handicap score decreased significantly from 26 preoperatively to 17 at 12 months, which represented a change from severe/very severe incapacity before implantation to moderate incapacity with 12 months of implant use. Mertens et al. [2016] presented results for the Hyperacusis Questionnaire in their 10-year follow-up study of patients with UHL implanted with a CI, and were able to demonstrate a reduction in scores with the CI on. They found, however, that the CI only made a significant difference in the group with singlesided deafness, not the asymmetric hearing loss group. However, the questionnaire they used was focused on problems with hearing due to the hyperacusis, unlike the questionnaire used here which was more focused on the impact of loud sounds and noise on quality of life and thus may be more sensitive to hyperacusis changes. In the Audiol Neurotol 2018;23:8-19 DOI: 10.1159/000488755 validation study of the THS, 90% percent of patients (36 cases) also complained of tinnitus, and it was found that tinnitus scores on the VAS and the THI were positively correlated to higher THS scores. This supports the theory that the two conditions may have a common cause [Herráiz et al., 2006] . However, a principal component analysis on the available dataset, including the THI, THS, and SSQ total and subdomain scores, did not reveal a strong internal structure in the dataset as the decay in the explained variance was quite smooth, and the first principal component analysis accounted for 45% of the variance.
For the first time in this patient population a significant improvement in health utility after implantation was shown. Arndt et al. [2017] reported on a large series of patients from their clinic. They showed that a CI was a possibility for the rehabilitation of patients with singlesided deafness and provided superior performance for speech comprehension in noise and localisation compared to other treatment options. However, no measures of quality of life or tinnitus assessments were included. A prospective, randomised, controlled, single-centre trial of treatment options for single-sided deafness is underway which will also compare the efficacy of CROS, bone conduction, and CI and includes a comprehensive battery of quality of life measures and tinnitus questionnaires; however, results are yet to be reported . The HUI3 was chosen as the generic quality of life measure over the alternatives such as the Euro-QOL and SF-36, as it is regarded as the most sensitive of these measures to hearing difficulties and specifically tinnitus [Maes et al., 2011; Ramakers et al., 2016] . Other studies have shown a significant quality of life benefit with disease-specific measures, which are even more sensitive than the HUI3, but have been unable to show a benefit using a generic quality of life questionnaire, which is required by many funding bodies. Both Arts et al. [2016] and Arndt et al. [2010] used the HUI3 and recorded improvements in health utility but were unable to show a statistically significant gain. Arndt et al. [2010] did, however, show a significant improvement in the HUI3 overall score for the CI compared to CROS hearing aid treatment (utility gain of 0.15) and Baha treatment (utility gain of 0.13). This study showed a statistically and clinically significant overall utility gain of 0.18 on the HUI3. Differences in HUI3 scores came from the hearing domain, as expected, but also from the emotion domain. The emotion questions asked if subjects were happy and interested in life and ranged down to very unhappy or so unhappy life is not worth living. The large utility gain of 0.18 recoded is equivalent to the gains recorded in a multinational survey of 291 bilaterally deafened but unilaterally implanted traditional CI patients, including patients with tinnitus and children over 10 years of age [Lenarz et al., 2017] . If we consider the baseline health status of the two groups, both had a utility score of 0.45. This is lower than the utility scores recorded for tinnitus patients undergoing conventional treatment. Maes et al. [2011] reported mean utility scores of a large sample for those with severe tinnitus but no mild hearing loss of 0.55 and an average utility across all 428 tinnitus patients of 0.64 [Maes et al., 2011] . These results indicate that patients with tinnitus and UHL feel considerably worse off than those with tinnitus alone and similarly disadvantaged to more traditional implant candidates with bilateral hearing loss. The size of the health utility gains shown here demonstrate that the impact on quality of life of the CI on these two groups is equivalent and a CI should be considered as an effective treatment for this population.
The study is limited by the fact that no control group was included to evaluate alternative treatment options such as Baha or CROS. The sample was also highly selective with patients included who had a high degree of tinnitus handicap and low health utility scores. Future research should aim to replicate these results in a larger sample with a control group and to explore further the contributions of improved hearing and reduced tinnitus to the improvements seen in quality of life.
Conclusions
The primary objective was met and all subjects (except 1 subject who used the device 6 days a week) wore their devices all day and every day. Half of the patients indicated tinnitus as the primary reason for CI use and half indicated they used their CI for both hearing and tinnitus. Tinnitus loudness (VAS) and handicap (THI) decreased both clinically and statistically significantly during active use of the implant, with the preoperative tinnitus loudness VAS of 8.2 decreasing to 2.2 at 12 months and the preoperative THI of 75 decreasing to 35 at 12 months. Subjective hearing improved significantly as shown by the SSQ, increasing from a preoperative score of 4.2 to 6.3 at 12 months, and the hearing domain in the HUI3, increasing from a preoperative score of 0.61 to 0.75 at 12 months. Hyperacusis handicap (THS) decreased significantly from a preoperative score of 26 to 17 at 12 months. Generic quality of life improved significantly with a 0.18 improvement (from a preoperative score of 0.45 to 0.63 at 12 months) on the HUI3, comparable to utility gains DOI: 10.1159/000488755 seen in traditional CI users with binaural hearing loss. Patients with UHL loss with indications for a CI and a concomitant severe tinnitus handicap were successfully treated with a CI. A CI should be considered as a viable and cost-effective treatment option for this population. However, the sample was highly selective and careful patient selection for this treatment is imperative.
